INTRODUCTION
============

Oral pigmentation refers to color change of the oral mucosa and/or gingiva ([@B1]), which can be exogenous due to amalgam tattoo, lead toxicity, anti-malaria medications and cigarette smoke, endogenous and secondary to various diseases such as Addison's disease and HIV infection, or genetic in the form of a pigmented mole or physiological pigmentation ([@B1], [@B2]). Pigmentation can occur in different areas of the oral cavity such as in the gingiva, palate, labial mucosa, ventral surface of the tongue and rarely floor of the mouth; however, attached gingiva is the most commonly involved site ([@B3]). Gingival pigmentations are mainly due to the accumulation of melanin ([@B4]). Physiological pigmentation is race-dependent and is more frequent in dark-skinned individuals compared to light-skinned subjects ([@B5]). About 15% of Europeans have oral pigmentation and this rate reaches 80% in Asian populations ([@B6]). Its prevalence in adults is higher than in adolescents and in males higher than females ([@B3]). Prevalence of oral mucosal pigmentation in Iranians reaches 27.9% ([@B7]). Melanin pigmentation of oral mucosa compromises esthetics particularly in patients with high smile line and pigmentation of anterior gingiva ([@B8]). The maxillary anterior gingiva is exposed during a full smile. Thus, any observer notices the difference between the normal gingiva and the pigmented area and this raises concerns. Also, gingival pigmentation may be a clinical manifestation of a systemic disease or a side effect of drug intake; thus, it may help in differential diagnosis of such conditions ([@B9]). Physiological pigmentation occurs symmetrically ([@B10]). Pigmentations due to genetic conditions such as Peutz-Jeghers syndrome, drug intake and hormonal disorders occur in multiple spots and in generalized form ([@B1]). However, gingival pigmentation in passive smoker children often manifests with single involvement of the papilla ([@B11]).

Smoker's melanosis (oral mucosal pigmentation) is among the most common lesions in smokers' mouth and 30% of Caucasian heavy smokers have oral melanin pigmentation ([@B12]). Melanin in the oral mucosa attaches to free radicals produced as the result of exposure to cigarette smoke and polycyclic compounds like nicotine and benzoperylene found in cigarette smoke, and prevents oxidative stress like a protective barrier. This explains its increased production by melanocytes ([@B3], [@B4]). Epidemiologic studies have demonstrated that secondhand smoke contains higher concentrations of toxic compounds particularly nicotine compared to the same amount of smoked tobacco ([@B13]). The association of passive smoking with early occurrence of asthma ([@B9]), lung cancer ([@B14]), death due to cardiac diseases ([@B15]), spontaneous abortion ([@B16]), changed normal flora of the mouth and nasopharynx and consequent upper respiratory tract infection, periodontal disease ([@B17]), decreased alveolar bone density ([@B13]), primary and permanent teeth caries ([@B18], [@B19]) and gingival pigmentation in children ([@B9], [@B11]) has been demonstrated in the literature. In 2005, Hanioka et al, in Japan for the first time demonstrated that increased melanin pigmentation of gingiva in children was related to exposure to secondhand smoke at home ([@B11]). A similar study by Hajifattahi in 2010 indicated increased gingival pigmentation in children of smoker parents compared to the control group ([@B9]).

Secondhand smoke can compromise the health of individuals at all ages ([@B20]). Hanioka et al. discussed that showing oral and dental problems due to active and passive smoking to smokers increases their motivation to quit smoking by at least 10%. This increase in motivation was 16.7% when a smoker subject witnessed gingival melanin pigmentation due to passive smoking in his/her family members ([@B21]). Also, it has been shown that between the two pictorial warnings on the cigarette packs showing a diseased mouth and a lung tumor, smokers mostly believe that the diseased mouth picture is more influential ([@B22]). Thus, gingival pigmentation and its adverse esthetic effects may be alarming for the families with a smoker member, focuses their attention towards the hazardous effects of cigarette smoke on the health of non-smokers and may enhance motivation to quit smoking. Considering the adverse effects of passive smoking on health and esthetics, the effect of passive smoke on adults, particularly women, must be investigated as well because the serious effects of cigarette smoke have reported to be more on the health of females compared to males ([@B12]). Considering the high prevalence of smoking among Iranian males and its lower prevalence among Iranian females ([@B23]), this study aimed to assess the relationship of gingival pigmentation with passive smoking in adult women for the first time.

MATERIALS AND METHODS
=====================

This historical cohort study was conducted on married women presenting to the dental clinic of School of Dentistry, Islamic Azad University in Tehran. After obtaining written informed consent, a data form was completed for subjects. Based on the results of a pilot study, 100 subjects were selected using purposive sampling. Fifty subjects were in the case and 50 subjects were in the control group.

The inclusion criteria were as follows: married women with no systemic disease causing cutaneous or mucosal pigmentation such as Addison's disease, Peutz-Jeghers syndrome or HIV infection, not taking medications causing pigmentation like minocycline, anti-malaria drugs, anti-adrenocorticotropic hormone medications or contraceptives, unemployment, no pregnancy, no smoking and having a heavy smoker husband smoking a minimum of 10 cigarettes/day and smoking at least one cigarette at home once a day in their presence in the past six months. Fifty matched females with no smoker family member and no contact with any smoker outside the house comprised the control group.

Moreover, all subjects were questioned about having a smoker parent during childhood who smoked in their presence as well as their level of education. Level of education was divided into two groups of (I) high school diploma and higher, and (II) lower than high school diploma.

To further assess the correlation of passive smoking with gingival pigmentation, the followings were questioned from the passive smokers: (A) floor area of their home and (B) number of cigarettes smoked in their presence. Next, the mean value of responses to A and B in the study population was calculated and subjects were divided into two groups of upper and lower than the mean.

To classify the skin tone of subjects in the two groups of cases and controls, Healthy Mix foundation (Bourjois, France) was used. Skin tones \#52 and lighter were considered as "light" and skin tones \#53 and darker were classified as "dark" skin tones ([@B9],[@B24]). The inner side of lower arm ([@B25]) was used for skin tone determination, because considering the Islamic dress code for women, this area is less commonly exposed to sunlight. Finally, skin tune distribution and age of subjects were matched in the two groups of cases and controls.

A trained examiner (oral medicine specialist) blinded to the study design and group allocation of subjects examined the attached gingiva of all understudy subjects and recorded the pattern and site of pigmentations. In terms of pattern, absence of a pigmentation macule was defined as "pattern zero", individual and single units of pigmentation were defined as "pattern one" and formation of at least one continuous band between two separate units next to each other was defined as "pattern two".

The obtained results were analyzed using the chi-square test and the logistic regression. We applied the logistic regression models for evaluation of the relationship of gingival pigmentation with passive smoking, level of education and having smoker parents during childhood. The results were expressed as OR with 95% CI. We used the chi-square test for evaluation of the relationship of gingival pigmentation in passive smokers with the floor area of their house, number of cigarettes smoked daily in presence of passive smoker, having smoker parents at childhood and skin tone. Also, chi-square test was used for evaluation of the differences in the pattern of gingival pigmentation between the case and control groups.

Data were analyzed using SPSS version 20.0 software (SPSS Inc., Chicago, IL, USA) and statistical significance was determined at P *\<* 0.05.

RESULTS
=======

A total of 100 married women were examined in the two groups of cases and controls. The mean age of subjects was 39.70± 8.76 years in the case and 39.72± 9.03 years in the control group. Characteristics of the study population in the control and case groups are presented in [Table 1](#T1){ref-type="table"}. In each of the case and control groups, 26 (52%) were light-skinned and 24 (48%) were dark-skinned. Thus, distribution of age and skin tone was similar in the two groups (P=0.9).

###### 

Characteristics of the study population in the control and case groups

  **Variables**                      **Control** (*n*=50)   **Case** (*n*=50)   **Total** (*N=*100)
  ---------------------------------- ---------------------- ------------------- ---------------------
  **Education**                                                                 
    High school diploma and higher   45(54.2)               38(45.8)            83
    Lower than high school diploma   5(29.4)                12(70.6)            17
  **Smoker parents**                                                            
        Yes                          19(39.6)               29(60.4)            48
        No                           31(59.6)               21(40.4)            52
  **Gingival pigmentation**                                                     
        Yes                          27(65.9)               14(34.1)            41
        No                           23(39)                 36(61)              59

The logistic regression model showed a significant association between gingival pigmentation in women and exposure to secondhand smoke of husband taking into account the confounding effects of subject's level of education and having smoker parents during childhood (P=0.01). The OR of occurrence of gingival pigmentation in women exposed to passive smoke was 3 times the rate in controls (OR=3.0; 95% CI \[1.26 -- 7.09\]) ([Table 2](#T2){ref-type="table"}).

###### 

Association between gingival pigmentation in women and the study variables

  **Variables**                                 **P-value**   **OR**   **95% C.I for OR**   
  --------------------------------------------- ------------- -------- -------------------- -------
  **Level of education**                        0.946         1.038    0.346                3.117
  **Smoker parent (at childhood)**              0.994         1.003    0.432                2.332
  **Exposure to secondhand smoke of husband**   0.012         3.001    1.269                7.098
  **Constant**                                  0.008         0.387                         

Among passive smokers, the pattern one of gingival pigmentation (individual units of pigmentation) had the highest prevalence (59.2% versus 40.8%); while in the control group, patterns one (individual units of pigmentation) and two (at least one continuous band between two individual adjacent units) were equally seen. However, the chi square test showed that this difference in pattern between the two groups was not statistically significant (P=0.3).

Evaluation of the site of gingival pigmentation revealed that the most common site of pigmentation was the labial gingiva in the anterior segment of both jaws. Some subjects had multiple sites of pigmentation in both jaws. Of the control subjects with pigmentation (n=14), 7 (50%) had pigmented gingiva in the anterior maxilla and 12 (85.7%) in the anterior mandible. These values were 21 (77.7%) in the anterior maxilla and 18 (66.6%) in the anterior mandible in the case group subjects with pigmentation (n=27). Buccal pigmentation (posterior) was only observed in one subject in each of the case and control groups. Distribution of study groups based on skin tone is presented in [Table 3](#T3){ref-type="table"}.

###### 

Distribution of study groups based on skin tone

  **Skin tone**              **Gingival pigmentation**   
  --------------- ---------- --------------------------- ----------
  **Light**       Control    22(84.6)                    4(15.4)
  Case            13(50)     13(50)                      
  **Dark**        Control    14(58.3)                    10(41.7)
  Case            10(41.7)   14(58.3)                    

Distribution of gingival pigmentation in female passive smokers based on the related factors is shown in [Table 4](#T4){ref-type="table"}. As seen, passive smokers with gingival pigmentation were exposed to higher number of cigarettes smoked in their presence daily (more than 6 cigarettes). Also, the frequency of having a smoker parent (at childhood) and dark skin tone in these subjects was higher. However, none of these differences were statistically significant. Subjects with gingival pigmentation were mostly living in small houses in terms of floor area (smaller than 78m^2^) and the correlation in this regard was statistically significant (P=0.025).

###### 

Distribution of gingival pigmentation in passive smokers based on the related factors

  **Related factors**                                                               **Gingival pigmentation**   **P-value**   
  -------------------------------------------------------------- ------------------ --------------------------- ------------- -------
  **Floor area of the house**                                    More than 78m^2^   15(65.2)                    9(33.3)       0.025
  Less than 78m^2^                                               8(34.8)            18(66.7)                                  
  **Number of cigarettes smoked daily in presence of subject**   6 or less          17(74)                      16(59.3)      0.3
  More than 6                                                    6(26)              11(40.7)                                  
  **Having a smoker parent (at childhood)**                      No                 10(43.5)                    11(40.7)      0.9
  Yes                                                            13(56.5)           16(59.3)                                  
  **Skin tone**                                                  Light              13(56.5)                    13(48.1)      0.6
  Dark                                                           10(43.5)           14(51.9)                                  

The frequency of living in small houses was 3.7 times higher in passive smokers with gingival pigmentation compared to passive smokers without gingival pigmentation (OR=3.7).

DISCUSSION
==========

This study showed that smoking by the husband at home caused gingival pigmentation in female passive smokers. No similar study has investigated the effect of passive smoking on gingival pigmentation in adults and women. Moravej Salehi et al. concluded that passive smoking was correlated with gingival pigmentation in children, periodontal disease, tooth loss, decreased bone density, alveolar bone resorption, change in normal flora of the mouth, dental implant failure, primary and permanent tooth decay and delayed eruption of teeth ([@B26]). However, Tanaka et al. stated that secondhand smoke did not increase the prevalence of periodontal disease in women ([@B27]). In another study, the authors concluded that tooth loss in women exposed to the secondhand smoke of a companion smoking less than 10 cigarettes a day was not related to passive smoking ([@B28]). This indicates the need for further investigations in this regard.

In the current study, number of cigarettes smoked daily in the household in presence of understudy subjects and also floor area of the house which affects the concentration of cigarette smoke in the house were evaluated as two important factors determining the level of exposure of passive smokers to cigarette smoke. We did not find any significant association between number of cigarettes smoked daily in the household and development of gingival pigmentation in female passive smokers. Madani and Thomas did not find a significant correlation between number of cigarettes smoked by parents in the household and occurrence of gingival pigmentation in their children ([@B29]). This insignificant association may be due to our small sample size and possible differences in the type of cigarettes smoked (with or without filter). According to Nadeem et al, the relationship between exposure to direct cigarette smoke and oral pigmentation is dose-dependent ([@B30]). Sridharan et al. stated that gingival pigmentation increases in children exposed to cigarette smoke for more than 10 years ([@B31]). Sanders et al. stated that the correlation of severe periodontitis with cigarette smoke was dose-dependent, relating to the duration (hours) of exposure to secondhand smoke per week ([@B32]). Considering the differences in definitions of the dose of cigarette smoke provided by the previous studies and controversy in findings, further studies are required on this topic. However, none of the afore-mentioned studies paid attention to the place of smoking and only exposure to cigarette smoke was evaluated by them.

In the current study, for the first time in investigations on passive smoking, the floor area of the house of passive smokers was evaluated and it was revealed that smaller floor area of the house was significantly correlated with the occurrence of gingival pigmentation in women (due to higher concentration of smoke in smaller areas). A previous study on the relationship of indoor air pollution with risk of lung cancer concluded that living conditions of non-smoker women such as lack of a ventilation system, less window area and rarely having windows open were associated with development of lung cancer in these subjects ([@B33]). With regard to the previously confirmed increased risk of gingival pigmentation in passive smokers in small areas, smokers may consider smoking in areas far from their family members, in areas with open windows or well-ventilated areas.

The aim of this study was to assess the relationship between gingival pigmentation and passive smoking in adults, which has not been investigated before. Among adults, the married women were selected for the following reasons: With regard to the lower prevalence of smoking among women compared to men, the frequency of passive smoker women would be higher than men ([@B34]). It is known that the adverse effects of passive smoking on women's health are more significant than on men ([@B12]). The more significant adverse effects of passive smoking in the household compared to the workplace have been confirmed by Tanaka et al ([@B28]). Among family members, a husband and wife usually spend the most time with each other; thus, the effects of exposure to secondhand smoke of husband would be greater on women's health compared to exposure to the secondhand smoke of parents during childhood.

Results did not reveal any significant difference between cases (passive smoker women) that had a smoker husband and a smoker parent in childhood compared to cases that had a smoker husband only. Considering the correlation of passive smoking with gingival pigmentation in children ([@B9],[@B11],[@B29],[@B31]), our study finding may be due to the more significant effect of passive smoking on gingival pigmentation during adulthood and/or fading of the effect of passive smoking on gingival pigmentation during childhood over time; this issue is in need of further investigation.

Since oral mucosal pigmentation is more common and more widely distributed in dark-skinned individuals ([@B1]), in the current study subjects were matched in the two groups with light skin and dark skin. Among the previous studies, only Hajifattahi et al. paid attention to this issue in their study ([@B9]). The prevalence of gingival pigmentation in passive smokers was found to be 54% in our study; whereas, the prevalence of gingival pigmentation has reported to be 30% in heavy smokers of Caucasian population. This difference may be due to race and needs further investigation ([@B6], [@B7]).

One advantage of our study was accurate examination of subjects and detection of gingival pigmentation by a trained oral medicine specialist who was blinded to the group allocation of subjects.

Hanioka et al. reported that gingival pigmentation in passive smokers was in the form of separate, single units ([@B11]). In our study, the separate, single pattern was more commonly observed among passive smokers than the continuous pattern; but, this difference was not statistically significant. Further studies are required to assess patterns of pigmentation in passive smokers in details.

Labial gingiva of the maxilla and mandible was the most commonly pigmented area in female passive smokers; which is in accord with the findings of previous studies ([@B3], [@B9]).

Based on previous studies and the results of the current study, it seems that the effects of passive smoking on gingival pigmentation are through inhalation of cigarette smoke and its entry into the blood circulation. Generally, stimulants present in cigarette smoke have two main routes to reach gingival melanocytes: 1. Dissolution in the saliva and penetration through the mucous membranes and 2. Inhalation of cigarette smoke through the nose, its entry into the blood circulation and exerting indirect effects on melanocytes ([@B1], [@B6], [@B11]). Considering the significant effect of floor area of the house indicative of the effect of concentration of smoke on gingival pigmentation, the second route seems to be more acceptable.

It may seem that one limitation of this study was that actual smoking status of subjects was determined by asking them and there is a possibility that they might have lied about their smoking status. However, Barnea et al. reported that statements made by young adults regarding their smoking status had a high reliability of 88--100% ([@B35]). Smoking by women has a low prevalence in Iran (4.3%) ([@B34]). Also, the method used in our study to collect data was non-invasive and thus, did not affect the willingness of subjects to participate in the study. Moreover, all individuals were ensured about the confidentiality of their information.

One confounding factor in the current study was risk of exposure of control subjects to cigarette smoke in other places. We tried to minimize this effect by setting the inclusion criterion of unemployment. Also, Tanaka et al. indicated an association between tooth loss and passive smoking at home, and not in the workplace ([@B28]). Thus, it appears that exposure to cigarette smoke from minor sources is negligible.

In conclusion, we found a relationship between exposure to secondhand smoke and gingival pigmentation in women and this effect was magnified in smaller houses.
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